In the context of the littlest Higgs (LH) model, we consider the Higgs strahlung process e + e − → ZH. We find that the correction effects on this process mainly come from the heavy photon A ′ . If we take the mixing angle c in the range of 0.85 -1, the contributions of the heavy gauge boson Z ′ can not be neglected.
Introduction
The standard model (SM) accommodates fermion and weak gauge boson masses by including a fundamental scalar Higgs H. However, the SM can not explain the dynamics responsible for the generation of mass. Furthermore, the scalar sector suffers from the problems of triviality and unnaturalness. Thus, the SM can only be an effective field theory below some high-energy scale. New physics should exist at energy scales around T eV . The possible new physics scenarios at the T eV scale might be supersymmetry [1] , dynamical symmetry breaking [2] , extra dimensions [3] . The present and future high energy collider experiments will test these scenarios and tell us which might be correct.
Recently, significant attention has been paid to the class of models of electroweak symmetry breaking , known as "little Higgs models" [4, 5, 6] . They provide a way to stabilize the weak scale from the radiative corrections of the SM and an alternative to tradional candidates for new physics at the T eV scale and how the SM could be embedded in a theory valid beyond 1T eV . These kinds of models might solve the problems arising from the scalar Higgs boson in the SM. Little Higgs models employ an extended set of global and gauge symmetries in order to avoid the one-loop quadratic divergences. In little Higgs models, the Higgs boson is a pseudo-Goldstone boson which is kept light by an approximate global symmetry and free from one-loop quadratic sensitivity to the cutoff scale Λ S . In general, these kinds of models predict the existence of the new heavy gauge bosons, such as Z ′ , W ′ and A ′ , in the extended gauge sector, which can cancel the quadratic divergences from the gauge interactions in the SM. These new particles may have significant contributions to the low energy observables and thus the precision measurements data can give severe constraints on the free parameters of these kinds of models [7, 8, 9] .
As the simplest realization of the little Higgs idea, the littlest Higgs (LH) model [5] is the smallest extension of the SM to date which stabilizes the electroweak scale and remains weakly coupled at T eV scale. The LH model consists of an SU(5) non-linear σ model which is broken down to SO(5) via a vacuum expectation value (VEV) of order f . The (5) is promoted to a local gauge symmetry which is broken at the same time to its diagonal subgroup SU(2) × U(1) identified as the SM electroweak gauge group. The LH model predicts the existence of the new heavy particle, such as Z ′ , W ′ and A ′ , which should not be much heavier than 1T eV . The characteristic signatures of the LH model at the present and future collider experiments and the production and decay of these particles have been studied in Refs. [8, 10, 11] . In this paper, we consider the contributions of these new particles to associated ZH production at high energy linear
The next generation of LC is expected to operate at energies from 300GeV up to about 1T eV [12] . The Higgs strahlung process e + e − → ZH is one of the dominant production mechanism of the Higgs boson in the future LC experiments. For the centre-of-mass energy √s = 350GeV and 500GeV and an integrated luminosity of 500f b −1 , this process ensures the observation of Higgs up to the production kinematical limit independently of its decay [13] . 
The relative couplings of the neutral gauge bosons to ordinary particles
The LH model [5] is embedded into a non-linear σ model with the coset space of SU (5)/SO (5) . At the scale Λ S ∼ 4πf , the global SU (5) symmetry is broken into its subgroup SO(5) via a VEV of order f , resulting in 14 Goldstone bosons. The effective field theory of these Goldstone bosons is parameterized by a non-linear σ model with gauge symmetry [SU(2) × U(1)] 2 , spontaneously broken down to the SM gauge group SU (2)×U (1). The gauge fields W ′ µ and B ′ µ associated with the broken gauge symmetries are related with the SM gauge fields by:
with the mixing angles of
.
The SM gauge couplings are g = g 1 s = g 2 c and g
′ . In our calculation, we will take the mass scale f , the mixing angles c and c ′ as free parameters.
We denote the SM gauge boson mass eigenstates as W ± , Z and A and the new heavy gauge boson mass eigenstates as W ′± , Z ′ and A ′ . The neutral gauge boson masses are given to leading order by [8] : f 2 . Since the final U(1) QED symmetry remains intact, the mass and couplings of the photon are the same as those in the SM.
For f < 3T eV , the mass of the heavy photon A ′ may be lighter than 500GeV [11] . In most of the parameter space of the LH model, the mass of the heavy gauge boson Z ′ is in the range of 1 ∼ 3T eV .
The couplings of the neutral gauge bosons to the Higgs boson and charged lepton can be written as:
Where l respects the charged lepton e, µ or τ . If we ignore the final state masses, the partial decay widths of the heavy SU(2) gauge bosons V ′ (V = Z, W ) can be written as [8, 10] :
where f ′ is any of the SM quarks or leptons, C is the fermion color factor and C=1(3) for leptons (quarks). θ is the mixing angle between V ′ and V . For the heavy gauge boson Z ′ , the total decay width is:
where α is the fine structure constant. Considering the precision data constraint, the mass M A ′ of the heavy photon A ′ is not too heavy and is allowed to be in the region of a few hundred GeV [9] . For the decay channels A ′ → tt and A ′ → ZH, we can not neglect the final state masses. The possible decay channels of the heavy photon A ′ have been discussed in Ref. [11] .
3. The process e + e − → ZH in the LH model
The Higgs strahlung process e + e − → ZH is one of the dominant production mechanism of the Higgs boson in the LC experiments. In the SM , the total cross section of this process at leading order is [14] :
where √s is the centre-of-mass energy, we can give the total production cross section σ tot of this process in the LH model:
Where
In above equations, V i is Z, Z ′ or A ′ and Γ V i is the total width of the gauge boson V i . In the LH model, the mass and the couplings of the SM gauge boson Z are corrected at the order of ν 2 f 2 . In general, the electroweak precision data demand that the mass scale f of the new heavy particles is larger than 1T eV . Thus, the effects of the correction terms of the SM Z mass and couplings on the associated ZH production rate are very small, which are approximately proportional to ( ν f ) 4 . In above equations, we have taken the mass and the couplings of the gauge boson Z as those of the SM Z.
To obtain numerical results, we take α = , the Z ′ has no contributions to this process because the couplings of Z ′ to the gauge boson A ′ and the SM Higgs H vanish. In this case, the deviation of the total cross section σ tot from its SM value is larger than 5% in sizable region of the parameter space. However, for 0.9 ≤ c < 1, the contributions of the Z ′ can not be ignored. The absolute value of the
is larger than 20% for the possible value of the mixing angle c ′ , which might be detected in the future LC experiments. To see the effects of the heavy gauge boson Z ′ on the process e + e − → ZH, we plot the relative correction σ tot /σ SM as a function of the mixing angle c for f = 2T eV, c
in Fig.2 . In this case, the contributions of the heavy photon A ′ vanish. The value of σ tot − σ SM /σ SM is smaller than 5 % for c < 0.5. If we assume the mixing angle c > 0.75, then the gauge boson Z ′ decreases the cross section of this process in the SM. The varying value of the cross section, compared to that in the SM, is larger than 10%. However, it has been shown that the f bound about 2T eV is allowed in the region around c ∈ [0, 0.5] [7, 8] .
Thus, it is very difficult to detect the effects of the heavy gauge boson Z ′ on the process The strongest constraints on the mass and couplings of the heavy photon A ′ arise from the lack of observation for the production of A ′ . For example , Ref. [9] has shown that for the global symmetry parameter f = 2T eV , there must be c ′ < 0.24, which comes from direct searches at the Tevatron. To further explain the contributions of A ′ to associated ZH production, we plot the relative correction σ tot /σ SM as a function of
, f = 2T eV and two values of the mixing parameter c ′ = 0.1(solid line), 0.2(dashed line), In this case the contributions of the new particle Z ′ predicted by the LH model to the process e + e − → ZH is zero at the order ( The cross section of the process e + e − → ZH can be measured by analysing the mass spectrum of the system recoiling against the Z boson. For M H = 130GeV , the final states are four jet bbqq and two jet plus two lepton bbl + l − , which are coming from the Higgs boson decaying to bb, the Z boson decaying to a qq, and the Z boson decaying to charged leptons, respectively. From the number of signal events fitted to the di-lepton recoil mass spectrum, the production cross section of the process e + e − → ZH is obtained with a statistical accuracy ±2.8%, combing the e + e − and µ + µ − channel [12] . In most of the parameter space of the LH model, the deviation of the total production cross section from its SM value is larger than 5%. Even for c
, and M ′ A = 1200GeV , the value of the σ tot /σ SM can reach 3. Thus, the effects of the new particles predicted by the LH model might be observable in the future LC experiments.
Conclusions
Little Higgs models provide a natural mechanism to cancel quadratic divergences that appear in the calculation of the Higgs mass without resorting to supersymmetry. The cancellation of divergences occurs by the alignment of vacua and the existence of several new particles. These kinds of models predict the existence of several scalars, new gauge bosons, and vector-like top quarks. The possible signatures of these models might be detected in the future high energy experiments.
The Higgs-strahlung process e + e − → ZH is one of the main production process of the Higgs boson H at the LC experiments, which offers a very distinctive signature ensuring the observation of the SM Higgs boson up to the production kinematical limit indepen-dently of its decay. Using this process, we can precisely measure the Higgs mass M H and the couplings of Higgs boson to massive gauge bosons and determine the quantum numbers of the Higgs boson. Thus, it is necessary to consider the process e + e − → ZH in the context of the little Higgs models and see whether this process can be used to test these models. In this paper, we calculate the contributions of the new gauge bosons Z ′ , A ′ predicted by the LH model to the cross section of this process and find that the cross section can be significantly varied. In all of the parameter space, the correction effects mainly come from the heavy photon A ′ . With reasonable values of th parameters in the LH model, the deviation of the total production cross section σ tot from its SM value is larger than 5%. If we assume that the mixing angle c is in the range of 0.85 − 1, the contributions of the heavy gauge boson Z ′ to the process e + e − → ZH can not be neglected.
